Objective. To assess the association of patient and hospital characteristics with adherence to guidelines for intrauterine insemination (IUI) care.
Introduction
Subfertility is a major health problem affecting millions of couples around the world [1] . Intrauterine insemination (IUI) is a widely used fertility treatment for male factor fertility problems, unexplained fertility problems and subfertility caused by cervical mucus hostility ( poor quality or insufficient mucus of the cervical canal of the uterus) or minimal to mild endometriosis. It involves insemination of prepared sperm directly into the uterus at the expected time of ovulation. The rationale of the procedure is to bring selected motile spermatozoa closer to the released oocyte.
IUI can be done in natural cycles, called unstimulated IUI, or after ovarian stimulation with fertility drugs to increase the number of available oocytes and further enhance the probability of conception, called stimulated IUI. Whether or not IUI should be combined with ovarian stimulation is often debated, particularly in terms of clinical effectiveness, safety and cost-effectiveness. The main concern about IUI with ovarian stimulation is the increase in multiple pregnancies, which, in turn, increases maternal and perinatal morbidity and mortality [2] .
Wide disparities exist with regard to the access to fertility treatment [3] , though in most countries, IUI care is quite accessible. In the Netherlands, for instance, IUI care is delivered at 91 of the 101 public hospitals, including 8 university hospitals, 35 non-university teaching hospitals and 48 nonteaching hospitals, and provisions have been made within the national health policy to cover IUI care [4] .
As IUI treatment is associated with health risks and high costs, IUI should be used carefully and only for conditions where it has been proved useful for [5, 6] . To assist healthcare professionals in decision-making about IUI, clinical practice guidelines for IUI care in which the best scientific evidence is summarized, combined with clinical experience, have been developed in European countries such as Denmark, England and Wales, France and the Netherlands [7] .
However, usually, large gaps exist between the best scientific evidence described in guidelines and daily practice [8] . In general, about 30 -40% of patients do not receive care according to the present scientific evidence, and about 20 -25% of the care provided is not needed or potentially harmful [9] . To decrease inappropriate practice variation and improve the quality of care, measurement of actual practice performance is a key step [10] . This requires performance indicators, which are defined as measurable elements of practice performance for which there is evidence or consensus that they can be used to assess the quality of care provided [11] . In a prior study, a set of 25 guideline-based performance indicators for IUI care was systematically developed and used to assess the extent to which practice performance in IUI care is consistent with guideline recommendations [12] . The overall poor guideline adherence in IUI care and large variability between different hospitals was striking [12] .
Previous research in other fields of medicine showed that a variety of factors at patient and hospital levels can explain poor guideline adherence and inappropriate practice variation [13 -17] . For IUI care, evidence is scarce about the influence of such factors. However, our hypothesis is that variation in guideline adherence in IUI care may also result from differences in patient or hospital characteristics. To test this hypothesis, this study assessed whether or not patient and hospital characteristics are associated with variation in guideline adherence in IUI care. Knowledge about the influence of such factors is important for the tailoring of interventions to improve IUI care.
Methods

Study design and population
The extent of variation in guideline adherence in IUI care was assessed in a previously performed retrospective cohort study at 10 of the 91 Dutch hospitals providing IUI care [12] . The 10 study hospitals were selected to represent a variety of settings and included one large university hospital providing tertiary care and nine public hospitals providing secondary care, including four intermediate-sized, nonuniversity teaching hospitals, two intermediate-sized, nonteaching hospitals, and three smaller, non-teaching hospitals. Patients eligible to participate in this study were defined as subfertile couples who underwent IUI treatment at these 10 hospitals during an inclusion period of 28 months. Subfertile couples who had undergone ovulation induction therapy for ovulatory disorders or IUI treatment with donated spermatozoa were not eligible to participate. Once the relevant institutional review boards gave their approval, the databases of the fertility laboratories of the participating hospitals were used to make a list of potentially eligible couples per hospital. As registration of IUI treatment is not obligatory in the Netherlands, identification of couples who had undergone homologous IUI was compromised in some of the participating hospitals. In hospitals with unsatisfactory registration of IUI, all couples listed in the database of the fertility laboratory were added to the list of potentially eligible couples. This means that this list was not restricted to couples who had undergone homologous IUI, but may also have included couples who had undergone ovulation induction therapy for ovulatory disorders or IUI treatment with donated spermatozoa. From each list, a random sample of couples in proportion to the size of the hospital's IUI programme (50 -150 couples per hospital) was selected by computer for participation in the study. The total sample consisted of 1100 subfertile couples. Each couple was requested in an informative letter to sign and return a consent form to grant access to their medical record. Non-respondents received a reminder after 4 weeks.
Data collection
Performance indicators for IUI care. The extent of variation in guideline adherence in IUI care was previously assessed with a systematically developed set of 25 guideline-based performance indicators for IUI care [12] . Of these, 20 indicators referred to a range of process aspects of IUI care. Data about these process aspects and clinical outcomes of IUI care were abstracted from medical records by two trained research assistants, using standardized audit forms.
Patient and hospital characteristics. Patient and hospital characteristics were selected because of their potential association with guideline adherence in IUI care, which was hypothesized on the basis of prior research findings [13 -18] .
Five patient characteristics were selected: female age (years), type of subfertility ( primary or secondary), duration of subfertility (months), diagnosis (male factor fertility problems, unexplained fertility problems or cervical mucus hostility) and number of started IUI cycles (6 or .6 cycles). These five patient characteristics were reported by physicians in a prior study on barriers to adherence to an IUI guideline as specific characteristics that affect IUI guideline adherence [18] . In other health-care settings, age and diagnosis were often associated with guideline adherence [13 -17] . Data about these patient characteristics were abstracted from the medical records.
Four hospital characteristics were selected: hospital size (large or intermediate/small), teaching hospital (teaching or non-teaching), in vitro fertilization (IVF) licence (that is, legal permission to perform IVF, or no licence), and number of physicians involved in the IUI programme (.10 or 10). These four hospital characteristics were derived from the previous study on barriers to adherence to an IUI guideline in which hospital size, teaching hospital, facilities and number of staff were identified as specific characteristics that influence IUI guideline adherence [18] . Data about these hospital characteristics were publicly available and confirmed by one gynaecologist in each participating hospital by means of a short questionnaire.
Statistical analysis
Descriptive analyses (frequencies and means) were performed to describe patient and hospital characteristics. Multilevel regression analysis according to Leyland [19] was used to assess the extent to which variation in guideline adherence in IUI care, measured with performance indicators (dependent variables), was explained by patient and hospital characteristics (independent variables). The reason for using this analysis was the intrinsically hierarchical nature as IUI cycles (level 1) were nested in the sample of subfertile couples (level 2), who were nested in hospitals (level 3).
To increase the number of couples eligible for an indicator and reduce the number of dependent variables, the 20 process indicators were aggregated into the following nine categories: screening for tubal occlusion (n ¼ 1), sperm quality (n ¼ 1), indications for IUI (n ¼ 3), total number of IUI cycles (n ¼ 2), monitoring in IUI (n ¼ 3), timing in IUI (n ¼ 2), dose of gonadotrophins in stimulated IUI (n ¼ 3), timing and dose of human chorionic gonadotrophin (HCG) in stimulated IUI (n ¼ 3) and cancellation criteria in stimulated IUI (n ¼ 2) (Appendix 1).
Prior to multilevel regression analysis, correlation analysis was performed to evaluate collinearity between all possible characteristics (independent variables). Variables with high correlation coefficients (.0.4) were excluded from multilevel regression analysis. The indicator 'cancellation criteria in stimulated IUI' was also excluded from multilevel regression analysis because of the small number of eligible subfertile couples.
In multilevel regression analysis, P , 0.05 was considered statistically significant. To assess the extent to which variation in guideline adherence could be explained by patient and hospital characteristics in the multilevel model (fit of the models), the explained variance per model was calculated. Analyses were performed using SAS software (SAS 12.0 for Windows; SAS Institute, Cary, North Carolina, USA).
Results
Study population
The recruitment of eligible subfertile couples for participation in the study is presented in Fig. 1 . A total of 956 of 1079 (89%) subfertile couples responded. While 191 of these couples refused to participate or considered themselves ineligible, 765 (71%) subfertile couples were willing to participate and returned a signed consent form to grant access to their medical record. Of these couples, 207 were excluded, mostly because study of their medical records revealed that they had undergone ovulation induction therapy for ovulatory disorders or IUI treatment with donated spermatozoa (n ¼ 184) or there was no access to their medical records (n ¼ 23). Accordingly, 558 subfertile couples who started a total of 2334 IUI cycles were eligible for study.
Patient and hospital characteristics
Patient characteristics are shown in Table 1 . Hospital characteristics are presented in Table 2 . The patient characteristics such as female age, type of subfertility ( primary or secondary), duration of subfertility and diagnosis (male factor fertility problems, unexplained fertility problems or cervical mucus hostility) did not differ significantly between hospitals. One-hundred and thirty-one couples achieved an ongoing pregnancy after IUI treatment, giving an ongoing pregnancy rate per couple of 23% (range across 10 hospitals, 13 -41%). Among the 131 IUI-related ongoing pregnancies, there were 13 multiples (9.9%; range across 10 hospitals, 0 -29%), including 12 twins and one triplet. The extent of variation in guideline adherence in IUI care, measured with nine aggregated indicators, is summarized in Table 3 . Guideline adherence in IUI care was often substandard and differed considerably between the 10 participating hospitals.
Patient and hospital characteristics and variation in guideline adherence in IUI care
The associations between different patient and hospital characteristics and guideline adherence in IUI care are shown in Table 4 .
In this study of 558 patients in 10 Dutch hospitals, the main patient characteristic associated with guideline adherence in IUI care was 'diagnosis'. This characteristic was associated with guideline adherence in five of nine possible associations investigated. Overall, couples with male factor or unexplained fertility problems were significantly less often treated according to guideline recommendations than couples with cervical mucus hostility. Likewise, 'female age' was associated with guideline adherence in two of nine possible associations investigated. In particular, younger women were more often treated according to guideline recommendations regarding 'indications for IUI' and 'monitoring in IUI' than older women.
In this study of 10 Dutch hospitals, the hospital characteristics 'hospital size' and 'IVF licence' were associated with guideline adherence regarding 'screening for tubal occlusion'. Smaller hospital size and no IVF licence doubled the chance of adherence to this guideline recommendation. Adherence to other guideline recommendations was not influenced by hospital characteristics.
Variation in guideline adherence regarding 'screening for tubal occlusion', 'indications for IUI' and 'monitoring in IUI' could be explained for a substantial part by the measured patient and hospital characteristics, with explained variances of 17, 39 and 15%, respectively.
Discussion
A number of patient and hospital characteristics were associated with the extensive variation in guideline adherence in IUI care, especially the patient characteristics 'diagnosis' and 'female age'. Guideline adherence regarding 'screening for tubal occlusion', 'indications for IUI' and 'monitoring in IUI' showed relatively large explained variances, mostly by patient characteristics, of 17, 39 and 15%, respectively.
Meaning of the study
Literature shows that, in general, patients often receive inappropriate care according to current scientific evidence and professional insight laid down in clinical practice guidelines [9] . This is also true for IUI care. Our results suggest that much of IUI care in Dutch hospitals is not consistent with guideline recommendations [12] . Clearly, the consequences of inappropriate IUI care are considerable. Therefore, it is important to gain more insight into factors that determine that these guidelines are not adhered to in daily practice. The identification of different subgroups in the patient population and different types of hospitals with regard to the extent of guideline adherence in IUI care is important for the tailoring of interventions The maximum number of subfertile couples to whom a process indicator can apply is 550. From the total cohort of 558 couples, eight had to be excluded from analysis because their follow-up time was unknown. b Each performance score was calculated in two steps: (i) the number of IUI cycles of a couple in which practice performance was consistent with a guideline recommendation was divided by the total number of IUI cycles of the couple to which the recommendation applied and (ii) the proportions of individual subfertile couples were added together and divided by the number of subfertile couples to whom the guideline recommendation applied.
to improve IUI care. For example, in our study, patients with male factor and unexplained fertility problems were less often treated according to guideline recommendations than patients with cervical mucus hostility. This finding should be taken into account in the development of an intervention programme to improve guideline adherence in IUI care. In other words, special attention should be paid to the patients with male factor and unexplained fertility problems. Such interventions can be provider or patient directed, for instance, educational programmes for professionals or information leaflets for patients.
So far, none but a few studies searched for characteristics at different levels influencing practice performance in hospital care. Some examples are studies regarding patients who suffered from stroke, community-acquired pneumonia and cancer [15 -17] . With regard to stroke patients, Schmidt found that 'stroke type', 'accompanying diagnosis' and 'treatment in specialized units' significantly increased the probability of guideline adherence [15] . Schouten et al. [16] found that the 'severity of illness' and 'location of first treatment' were positive predictors of guideline adherence. 'Medical history' and 'presence of a specialized committee for antibiotic therapy' were negatively associated with guideline adherence [16] . These kinds of results have also been reported for cancer patients. Ouwens et al. [17] , for instance, found that guideline adherence was mostly influenced by the patient characteristics 'stage of disease', 'age' and 'presence of comorbidity'. In the present study, comparable results were found as 'diagnosis' and 'female age' were important characteristics associated with guideline adherence in IUI care.
In subfertility care, 'diagnosis' and 'female age' are also known to influence the outcome 'ongoing pregnancy after fertility treatment'. Pregnancy rates vary by type of diagnosis and decline with increasing female age [20 -22] . It is possible that physicians, with the likelihood of a pregnancy in mind, deliberately decide to treat patients with particular diagnoses or of certain ages not according to guidelines. For example, physicians may decide to treat older couples with male factor fertility problems in an early stage with stimulated instead of unstimulated IUI, despite the increased risks of ovarian hyperstimulation syndrome and multiple pregnancy, because of the supposed increased pregnancy rates of stimulated IUI. This is in line with the results of a previous study, in which professional barriers to adherence to an IUI guideline were identified [18] . Although the majority of physicians mentioned agreement with the IUI guideline, disagreement with certain aspects of the guideline was also reported. One of the five physicians reported limitations with regard to their flexibility in considering patients' requests and making personal considerations. Moreover, one of six mentioned that the IUI guideline does not consider characteristics of individual patients adequately. Knowledge about patient and hospital characteristics associated with guideline adherence as well as barriers to guideline adherence should guide the development of tailored interventions to improve IUI care, such as adjustment of IUI guideline recommendations.
Another explanation for differences in guideline adherence with different diagnoses may be that the couples diagnosed with cervical mucus hostility are a rather uniform group with a straightforward diagnostic and treatment pathway, while couples diagnosed with male factor or unexplained fertility problems are more heterogeneous groups with wide-ranging diagnostic paths and treatment possibilities. Furthermore, international consensus regarding the best care for couples with male factor for unexplained fertility problems has not yet been reached. For instance, there is a lively international discussion about the effectiveness of stimulated and unstimulated IUI in these couples [23] .
In this study, only two hospital characteristics were associated with guideline adherence in one of the nine possible associations investigated. 'Larger hospital size' and 'IVF licence' were associated with suboptimal guideline adherence regarding 'screening for tubal occlusion'. This finding may initially seem surprising, but a plausible explanation could be that small, non-IVF-licenced hospitals have to account to larger, IVF-licensed hospitals when couples are referred for tertiary care. So, smaller, non-IVF-licensed hospitals have an extra drive to treat their patients according to IUI guideline recommendations.
Strengths and limitations of the study
A strong point of the study is the rigorous assessment of variation in guideline adherence in IUI care, using a systematically developed set of valid guideline-based performance indicators for IUI care. The large sample of 558 subfertile couples from 10 different hospitals who started a total of 2334 IUI cycles contributes to the validity of the research results. Another strength of the study is that potential characteristics associated with variation in IUI care were analysed at different levels in one model using multilevel regression analysis.
However, the study also has its limitations. First, the influence of selection bias remains uncertain. Twenty-five per cent of the selected couples refused to participate in the study. More than half of these couples reported the reason for refusal to participate, which was mainly a lack of time or interest.
Second, the limited number of patient and hospital characteristics analysed could be considered a limitation of the study. The nine selected characteristics were derived from a previous study on barriers to adherence to an IUI guideline in which specific characteristics that influence IUI guideline adherence were identified as well as research findings from other fields of medicine. Clearly, other patient and hospital characteristics could be investigated and considered in future research.
Third, another level that could explain variation in guideline adherence in IUI care is the level of the professional. Unfortunately, this level could not be taken into account in this study as most subfertile couples were treated by a team, as opposed to an individual care provider. It was therefore not possible to relate one professional to one couple.
Fourth, only two hospital characteristics determined the extent of guideline adherence in just one of the nine possible associations investigated. For some characteristics at the hospital level, variation between the different hospitals was too small to assess their influence on practice performance, perhaps as a result of the limited sample size of 10 hospitals. To gain more insight into potential relevant hospital characteristics, more than 10 hospitals would need to participate in future studies. Another possibility is to study hospital characteristics that are strongly related to the process of care, such as the presence of a fertility nurse [24] .
In conclusion, this study identified a number of patient and hospital characteristics that were associated with variation in guideline adherence in IUI care-in particular, the patient characteristics 'diagnosis' and 'female age'. The identification of different subgroups in the patient population and different types of hospitals with regard to the extent of guideline adherence in IUI care is important for the tailoring of interventions to improve IUI care. 
